ABSTRACT. In this study, effect of maternal labor and mode of delivery on polymorphonuclear leukocyte (PMN) chemiluminescence and random and chemotactic motilitv was evaluated in healthy full-term neonates. PMN werk obtained from cord blood of three groups of neonates: group I, 24 vaginally delivered neonates; group 11, 22 neonates delivered by elective cesarean section without labor; and group 111, 18 neonates delivered by cesarean section after labor. In group 111, six neonates were delivered by cesarean section for fetal distress with acidemia and 12 for failure of progression of labor. Peak chemiluminescence of PMN in group I11 was depressed compared with groups I and I1 ( p < 0.01). There was no difference in the peak chemiluminescence of PMN from neonates in group I versus group 11. Random motility of PMN in group I11 was increased compared with the random motility in groups I and I1 (p < 0.05). Chemotactic motility of PMN was comparable in all three groups. In group 111, a negative correlation was noted between peak chemiluminescence of PMN and the duration of labor ( p < 0.001), whereas no such correlation was observed in group I despite a similar duration of labor. There was no correlation between duration of labor and random and chemotactic motility of PMN in groups I and 111. The results of this study indicate that labor and mode of delivery per se have no effect on PMN function and that factors other than labor such as fetal acidemia, fetal distress, arrested labor, or maternal administration of drugs may play a role in alteration of PMN function. delivered vaginally and by cesarean section after labor compared with neonates delivered by cesarean section without labor. Bruce et al. (7) noted that spontaneous expression of CRl (complement receptors believed to be necessary for optimal phagocytosis) was greater in neonates delivered vaginally than in infants delivered by cesarean section without labor. The authors suggested that the increase in receptor expression may be due to factors associated with labor (7).
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Frazier et al. (8) demonstrated that oxidative-metabolic leukocyte functions were significantly lower in cord blood PMN from neonates delivered vaginally and by CW/L than in cord blood PMN from infants delivered by cesarean section without labor. The cause of the difference in PMN function of infants delivered after labor remains unknown. Significant differences have been demonstrated in corticosteroid, fatty acid, and prostaglandin concentrations in neonates delivered after labor compared with neonates delivered by cesarean section without labor (9-1 1). The role of maternal labor and mode of delivery on PMN function has not been resolved. The purpose of this study was to determine whether: 1) the mode of delivery has an effect on chemiluminescence, random motility, and chemotaxis of PMN obtained from cord blood of full-term healthy neonates; 2) there is a correlation between altered PMN function and duration of labor; and 3) various perinatal factors have an effect on PMN functions.
MATERIALS AND METHODS
Study population. The study population consisted of three groups of healthy full-term neonates born to women with normal medical and obstetric histories at North Shore University Hospital.
Group I comprised 24 vaginally delivered neonates (mean + SD gestational age, 39.7 k 0.96 wk; birth weight, 3379 + 438 g).
There were 13 males and 11 females. Fifteen women received epidural anesthesia (bupivacaine with or without epinephrine), seven women received local lidocaine anesthesia, and two received no anesthetics. There was no other drug used in these women. Collection of blood. In the delivery room, cord blood was obtained from the veins on the fetal side of the placenta after the placenta had been extracted by the obstetrician and placed in a sterile dish.
Group
Blood was obtained using an 18-gauge needle and a 10-mL plastic syringe. After collection, blood was heparinized with 10 units/mL of heparin and PMN function studies were performed within half an hour of collection.
PMN function studies. PMN were separated according to the method of Boyum (12) and washed twice in Hanks' balanced salt solution without Ca", Mg", and phenol red. After separation, cell suspension contained 85% PMN and trypan blue dye showed 295% PMN viability. Cells were adjusted to a concentration of 1.0 x lo6 PMN/mL in Hanks' balanced salt solution for chemiluminescence and 2.0 x lo6 PMN/mL in 2% BSA for random and chemotactic motility.
Luminol-enhanced (Sigma Diagnostics, St. Louis, MO) chemiluminescence, an assay of oxidative and metabolic function of phagocytizing PMN, was measured in a liquid scintillation system (Beckman model LS-230, Beckman Instruments, Inc., Fullerton, CA) using latex particles 0.8 pm in diameter (Seragon Diagnostics, Indianapolis, IN) as a stimulant (1 3-15) . Samples were tested in duplicate, and levels of chemiluminescence in cpm (cpm x lo3) for 1.0 x lo6 PMN were recorded every 30 s for a 30-min period.
Random and chemotactic motility was tested by modified Boyden technique using blind well chambers (Neuro-Probe, Inc., Bethesda, MD) and 5-pm pore cellulose nitrate filters (Millipore Corp., Bedford, MA) (16) . Tissue culture medium-199 (Gibco Laboratories, Grand Island, NY) was used to determine random motility. Pooled human adult serum (10%) activated by I mg/ mL zymosan (Sigma Laboratories, St. Louis, MO) was used as a chemoattractant. Adult serum was used to correct the deficiency of neonatal serum factors.
Samples were tested in duplicate after incubation of PMN for 2 h at 37°C. Random motility and chemotaxis were expressed as the mean depth in pm at which the leading front of PMN was in focus using a ~4 0 objective. Mean value represents the average of readings in five randomly chosen microscopic fields in each filter.
Statistical analysis. Analysis of variance followed by Tukey's test was used to assess the difference between means of each of the PMN functions for the three modes of delivery and labor groups (i.e. vaginal delivery, CW/L, and cesarean section without labor). Pearson product-moment correlation coeficient was used to determine the correlation between number of hours of labor and each of the PMN functions. x2 test was used to evaluate the relationship of fetal distress and PMN functions. A value less than or equal to 0.05 was considered statistically significant.
RESULTS

Intergroup comparison.
There was no significant difference in maternal age, race, parity, or duration of gestation among the three groups. The mean duration of labor was similar in group I (vaginal delivery) and group I11 (cesarean section after labor). Birth weight and Apgar scores of all infants in the three groups were comparable.
In group I (vaginal delivery) and group I1 (cesarean section without labor), there were no neonates with a history of fetal distress, failure of progression of labor, or maternal use of drugs except for the use of epidural and/or local anesthetics. In group I11 (CW/L), six neonates were delivered by an emergency cesarean section for fetal distress and the remaining 12 neonates for failure of progression of labor.
PMN fimctions. Peak chemiluminescence activity of cord blood PMN from neonates in group I11 (CW/L) was significantly depressed compared with the other two groups ( p < 0.0 1, Table   1 ). Peak chemiluminescent activity was delayed in onset and the subsequent decline in activity was more rapid for group I11 neonates. There was no difference in the peak chemiluminescence values or kinetics of the chemiluminescence of PMN from neonates in group I (vaginal delivery) versus neonates in group I1 (cesarean section without labor).
Random motility of PMN from neonates in group I11 (CW/ L) was significantly increased compared with the other two groups ( p < 0.05, Table 1 ). Chemotactic motility of cord PMN in response to zymosan-activated serum was comparable in all three groups ( Table 1) .
PMN functions and duration of labor. In group I11 neonates
(CW/L), a negative correlation was noted between the peak chemiluminescence values of PMN and the duration of labor ( p < 0.00 1, Fig. 1 ). The kinetics of the chemiluminescence response in group I11 neonates also differed from group I neonates in that the time to reach peak chemiluminescence was increased as the duration of labor lengthened ( p < 0.01, Fig. 2 ). In group I neonates (vaginal delivery), there was no correlation between the peak chemiluminescence values of PMN or the time to reach the peak chemiluminescence and the duration of labor despite similar duration of labor in group I versus group I11 (Figs. 1 and  2 ). When random and chemotactic motility of PMN from neonates in group I (vaginal delivery) and group I11 (CW/L) were There were no neonates with a history of fetal distress, acidemia, failure of progression of labor, or maternal use of prostaglandin E2 and Pitocin in groups I and 11.
DISCUSSION
This study indicates that PMN chemiluminescence was depressed and the peak chemiluminescence response was delayed in neonates delivered by cesarean section after experiencing labor (group 111). Cesarean section was performed in these women because of the occurrence of fetal distress or failure of progression of labor, both of which may impair fetoplacental perfusion and cellular metabolism. This result is not surprising, inasmuch as fetal hypoxia and failure of progression of labor have been associated with increased risk of sepsis, particularly early onset disease ( 17) .
Postnatally, neonates who have been stressed have also demonstrated depressed PMN chemiluminescence and oxidative metabolic responses (1 8, 19 ). Wright et al. (20) found that PMN from stressed neonates with a variety of infectious and noninfectious illnesses had depressed bactericidal activity when compared with healthy controls. Frazier et al. (8) noted that zymosanstimulated oxygen consumption, hexose monophosphate shunt activity, and nitroblue tetrazolium dye reduction were significantly lower in cord PMN from five neonates delivered by CW/ L and 15 neonates delivered vaginally than in cord PMN from 15 neonates delivered by cesarean section without labor. These authors did not mention whether there were any neonates with fetal acidemia or fetal distress in the vaginally delivered group or the reason for cesarean section after labor. In the present study, the depressed chemiluminescence response seen only in neonates delivered by CW/L suggests that factors other than labor per se (such as fetal acidemia, fetal distress, arrested labor, or maternal administration of drugs) may play a role in alteration of the PMN function.
Random motility of PMN from neonates in group I11 (CW/ L) was enhanced ( p < 0.05) compared with that of neonates in groups I and I1 (vaginal delivery and cesarean section without labor). The cause for the enhanced random motility in group 111 neonates is not entirely clear. It may be that fetal acidemia, use of prostaglandins, or factors associated with arrested labor may affect PMN cell membrane depolarization and/or the number of microtubules and thereby influence random motility (1) (2) (3) (4) (5) .
In summary, results of this study indicate that labor or mode of delivery per se may have no effect on PMN function but that fetoplacental perfusion and/or alteration in metabolism may alter PMN function in neonates.
